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X-RAY CT SCANNER CAPABLE OF 
PERFORMING IMPROVED LOG 

CONVERSION 

BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 

The present invention relates to an X-ray computed 
tomography Scanner in which low-count data, which is 
acquired when an X-ray passes through object's regions 
whose X-ray absorption coefficients are relatively higher, is 
effectively used for CT image reconstruction. 

2. Description of Related Art 
AS is well known, X-ray computed tomography (CT) is an 

imaging technique of producing density images based on 
X-ray absorption coefficients. An X-ray is radiated toward 
an object along various radiation angles to Scan a Section of 
the object So that resultant X-ray transmission amounts are 
measured, and X-ray absorption coefficients at each position 
in the object's Section are computed. Using the coefficients, 
density images are produced. From a different viewpoint, it 
can be said that the X-ray CT makes use of the fact that the 
living body is composed of various tissues different in their 
X-ray absorption coefficients. 

In performing the X-ray CT imaging, Some regions in a 
Scanned object's Section, Such as bones, provide higher 
X-ray absorption coefficients. Such regions are also Sub 
jected to X-ray measurement, but amounts of X-ray from the 
regions, which are detected by an X-ray detector, are 
extremely low, thereby frequently causing a considerable 
amount of reduction in the SNR. 
An X-ray decays in Strength exponentially while traveling 

through an object. An X-ray detector detects incoming 
X-rays and outputs Signals in proportion to their transmis 
Sion amounts. The output Signals from the detector enter a 
data acquisition System (DAS), wherein the Signal is ampli 
fied by amplifiers concurrently with being converted to 
digital signals by A/D converters. 

To obtain projection data composed of a total Sum of 
X-ray absorption coefficients computed along each X-ray 
path, it is required that the digitized output signals undergo 
processing called "log conversion' carried as part of the 
pre-processing for the output signal. 

However, the output Signals have already contained noise 
components at the Stage of the log conversion. Such noise 
components include random noise attributable to the detec 
tor and DAS. 

The random noise is normally negligible, differently from 
photon noise (Serious noise caused by fluctuations in the 
number of incoming X-ray quantum particles). However, it 
is not always light to neglect the random noise. Particularly, 
in cases where, under particular conditions, Such as Scanning 
of thinner Slices or Scanning under lower X-ray amounts, 
X-rays that have been transmitted through paths of which 
X-ray absorption is large are detected by a detector, the 
random noise at the detector is often larger in Strength than 
the photon noise. In Such a case, the random noise becomes 
a dominant in the noise of the output from the detector. Even 
when no random noise is originated from the detector and 
DAS, if an amount of incoming X-rayS is remarkably low, 
the amplitude of noise included in the output signal from the 
detector reaches an unnegligible level, compared to an 
average level of the output Signal. 

In the present application, regardless of whether the 
primary cause is photon noise or noise from the detector and 
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2 
DAS, the Signal that contains noise of an unnegligible level 
compared to an average level of the Signal is called “low 
count data.” 
When reconstructing images with the use of acquired data 

that contains Such low-count data in the conventional 
manner, many streak artifacts (hereafter referred to as “low 
count artifacts”) appear along path directions passing a 
region where X-ray absorption is larger. The low-count 
artifacts make it difficult to use Such imageS for diagnosis. 
The study about the low-count artifacts, which was con 

ducted by the present inventors, showed that the foregoing 
log conversion has the nature of amplifying the noise 
contained in the low-count data. In other words, the con 
ventional log conversion will deteriorate the originally 
lower S/N of the low-count data, thereby accelerating the 
appearance of the local-count artifacts on images. 

SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the foregoing conventional problems, and an object of the 
present invention is to eliminates or Suppress the low-count 
artifacts. 

In order to realize the foregoing object, as one aspect of 
the present invention, there is provided an X-ray CT Scanner 
comprising: an X-ray Source generating an X-ray; a detector 
detecting the X-ray generated by the X-ray Source and 
transmitted through an object; a processor producing pro 
jection data by applying to an output Signal from the detector 
logarithm conversion processing on a function deviating 
from an ideal logarithm function; and a reconstruction unit 
configured to reconstruct an image using the projection data 
produced by the processor. 
An X-ray CT Scanner according to the present invention 

will not Stick to the conventional log conversion in produc 
ing projection data. The inventors’ Study into the log con 
version revealed that an improved log conversion with the 
use of a function made to deviate positively in a certain 
manner from the ideal logarithm function is highly effective 
for “low-count data” acquired by the detector. It is therefore 
to eliminate or SuppreSS low-count artifacts from or on 
reconstructed CT images. 

Preferably, the ideal logarithm function is a logarithm 
function defined by a mathematical formula of y=K-logb, x 
(wherein a variable X is an input, a variable y is an output, 
and a reference K shows a Scaling constant), wherein the 
function deviating from the ideal logarithm function is 
configured to have an input/output characteristic deviating 
from an input/output characteristic defined by the ideal 
logarithm function. 

Still preferably, the function deviating from the ideal 
logarithm function consists of a function range assigned to 
the inputs equal to or larger than a specified value and 
defined by the ideal logarithm function, and a further func 
tion range assigned to the inputs less than the Specified value 
and formed to have the deviating input/output characteristic. 
By way of example, the function range and the further 
function range are defined individually and Separated at a 
threshold given to the inputs. 

It is also preferred that the function deviating from the 
ideal logarithm function is defined as a function providing 
one curve consisting of both of the function range and the 
further function range. For example, the processor includes 
a table where input/output data of the one curve are Stored 
and reference means configured to perform the logarithm 
conversion processing with reference to the input/output 
data stored in the table. 
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It is also preferred that the processor has weighting means 
configured to perform the logarithm conversion processing 
by performing weighted Summation of plural log conversion 
results. 

Still it is preferred that the further function range is 
Smaller in an angle of the input/output characteristic than the 
function range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a Schematic diagram showing an X-ray CT 

(computed tomography) Scanner according to an embodi 
ment of the present invention; 

FIG. 2 shows the block diagram of a pre-processor 
employed in the embodiment; 

FIG. 3 explains a conversion function consisting of two 
functions, which is used in the embodiment; 

FIG. 4 explains a further conversion function consisting 
of two functions, which is used in the embodiment; 

FIG. 5 is the block diagram of a preprocessor according 
to a modification of the present embodiment; 

FIG. 6 pictorially shows a unified function of an ideal 
logarithm function and a function deviating from the ideal 
logarithm function, which explains another example of the 
conversion function; 

FIG. 7 shows the bloc diagram of a preprocessor accord 
ing to another modification; 

FIG. 8 shows the block diagram of a signal converter 
according to another modification; and 

FIG. 9 pictorially exemplifies a unified conversion func 
tion consisting of three functions with two thresholds. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to the accompanying drawings, preferred 
embodiments of an X-ray CT (computed tomography) scan 
ner according to the present invention will now be described. 

There are a variety of types of X-ray CT scanners, which 
includes a "rotate/rotate” type in which both of an X-ray 
tube and an X-ray detector rotate around an object as one 
unified member and a “stationary/rotate' type in which a 
multitude of detection elements arrayed on a ring are fixed 
but only an X-ray tube rotates around an object. The present 
invention can be applied to any type of X-ray CT Scanner. 
The present embodiment will now be described about the 
rotate/rotate type of X-ray CT Scanner, which is the current 
mainstream. 
AS shown in FIG. 1, an X-ray CT Scanner according to a 

first embodiment has a gantry 100 including therein an 
X-ray tube 102, X-ray detector 103, and ling-like rotation 
member 102. The rotation member 102 is driven by a gantry 
driving unit 107 to rotate in a predetermined direction. On 
the rotation member 102 are provided the X-ray tube 102 
and the X-ray detector 103 so that they are mutually faced. 
The X-ray tube 101 receives high-voltage pulses from a 

high-voltage generator 109 via a slip-ring 108, thereby 
generating X-rays a fan-beam or cone-beam form. The 
radiated X-rays are transmitted to pass through a field of 
view (FOV) of an object placed at an imaging region, and 
are received by the X-ray detector 103. As is known, while 
traveling within the object, the X-rays decay exponentially 
correspondingly to X-ray absorption coefficients specific to 
bones, Soft tissues, and/or others existing along their paths. 
The decayed X-rays then enter the X-ray detector 103. 
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4 
The X-ray detector 103, which is formed into a multiple 

channel type, is equipped with a plurality of detecting 
elements arrayed in an arc form centered at the focus of the 
X-ray tube 101. The detector 103 detects the incoming 
X-rays at a constant particular Sampling frequency, thus 
allowing the incoming X-rays to be converted electrical 
Signals (i.e., electrical current) in proportion to their 
amounts at every view angle. The direction along which the 
X-ray detecting elements are arrayed is called a channel 
direction, the angular position of the X-ray tube 101 at each 
time of Sampling is called a view angle, and the direction 
along which the View angle changes is called a view 
direction. 

The X-ray detector 103 can be formed into either a single 
type of detector or a multiple type of detector. The former is 
configured by arranging one line of plural detecting ele 
ments arrayed in the channel direction in a body-axis 
direction perpendicular to the channel direction. The latter is 
configured by arranging a plurality of Such element lines in 
the body-axis direction. 
The electrical Signals outputted from the X-ray detector 

103 are sent to a data acquisition system (DAS), whereby the 
Signals are converted into Voltage Signals, amplified, and 
converted to digital Signals, before being Sent a pre 
processor 106 through an optical or magnetic non-contact 
data transmission unit 105. A contact type of transmission 
unit may be used in place of the non-contact data transmis 
sion unit 105. To raise the rate of transmitting data, the data 
is normally compressed down to a lower number of bits (for 
example, 16 bits) or to a lower number of channels before 
Sending it. After Sent to the preprocessor 106, the data is 
uncompressed up to its original number of bits or its original 
number of numbers. 

AS described, the acquired data should be Subjected to a 
"log conversion' to obtain a total Sum of X-ray absorption 
coefficients along each X-ray path, that is, X-ray projected 
information, because the X-rays have experienced exponen 
tial decays within an object during their travels. Though this 
log conversion is required by any type of X-ray CT Scanner, 
the X-ray CT scanner of the present embodiment, to which 
the present invention is applied, adopts a log conversion of 
a different kind from the existing log conversion. 
The preprocessor 106 is in charge of decoding data or 

expanding data if the compression is made before Sending 
the data to the preprocessor 106. In addition, the preproces 
Sor 106 is configured to perform various kinds of correction. 
Preferably, the correction includes offset correction, refer 
ence correction, and water correction. The offset correction 
is done to remove DC noise due to the DAS 104 (for 
instance, an input less than 1 is rounded up to 1). The 
reference correction is directed to eliminating fluctuations of 
the detected Signals depending on changes in the view angle 
that is attributable for temporal changes in the X-ray output. 
This reference correction corrects acquired data on the basis 
of reference data detected with the aid of a reference 
detecting element. The water correction is Subtraction of 
previously acquired water phantom data from the acquired 
data, resulting in that differences in Sensitivity between 
channels of the X-ray detector 103 are suppressed so that the 
CT value of water becomes a reference value of Zero. 

In the present embodiment, the data inputted to the 
preprocessor 106 (that is, the data just before being Sub 
jected to the log conversion and the various kinds of 
correction) is called “pure-raw data,” while the data output 
ted from the preprocessor 106 (that is, the data just after 
having experienced the log conversion and Such kinds of 
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correction and just being ready for reconstruction 
processing) is called "raw data.” Both the terms “pure-raw 
data” and "raw data” should be differentiated distinctively. 

The raw data from the preprocessor 106 is sent to a 
reconstruction unit 114, where the pre-processed raw data is 
used for reconstruction of CT images, Such as tomographic 
images, three-dimensional Surface images, and/or MPR 
(multi-planar reconstruction) images. Image data is then 
delivered to a display unit 116 to display imageS. The display 
unit 116 is accompanied by an input device (not shown) 
whereby a user is able to provide the Scanner with necessary 
information Such as various imaging conditions. 
A host controller 110 is responsible for control of the 

entire operations of the Scanner, including Scanning, relay 
ing data, and processing of data. 

The preprocessor 106 will now be detailed, which is the 
most characteristic component in the Scanner because the 
present invention is practiced into the preprocessor 106. 

The present invention, which is applied to the X-ray CT 
Scanner of this embodiment, is based on a concept that a 
logarithm function for conversion different from the con 
ventional one is used. Considering this fact, why the con 
ventional logarithm function is inconvenient will first be 
described, together with how the conversion using Such 
logarithm function is made. 
As described before, the “low-count data” is data showing 

as larger fluctuations due to noise as unnegligible compared 
to an average Signal level. When the log conversion, which 
is non-linear processing, is applied to the low-count data, a 
conversion characteristic that has been expected is no longer 
obtained because of the noise. This problem derives from the 
fact the log conversion is depicted into a curve having a 
remarkable upward rise when drawn on input values (along 
the lateral axis) V.S. output values (along the vertical axis). 

The general log conversion processing is based on the 
following the formula (1). 

y=K logb, x (1), 

wherein a variable “X” is an input that corresponds to 
pure-raw data, and a variable y is an output that corresponds 
to pure data. A symbol “b' is the base of a logarithm, such 
as “e”, “10” or others. Preferably, in the computer's 
computation, the bottom is usually “2.” A symbol “K” is a 
Scaling factor to define a range of the output values “y” in 
a desired manner for data processing, according to the base 
to be used or a range of the input values "X." 

In the present invention, the logarithm function on the 
formula (1) is referred to as an “ideal logarithm function,” 
while a log conversion based on the “ideal logarithm func 
tion” is referred to as an “ideal log conversion” or “normal 
log conversion.” Also the present invention uses a function 
including a function region deviating from the ideal log 
function. For the reason that the remaining function range is, 
however, in accordance with the “ideal log conversion, the 
conversion processing with the aid of Such function includ 
ing a deviating function range is also called “log 
conversion,” like the case of the ideal log function. 

In the formula (1), an input “X” is an average <X>, where 
the Symbol" <>' expresses an average. When it is assumed 
that noise fluctuations are not So Smaller than an average <X> 
and the input “X” is x1=<x>+C. due to noise, wherein “C” is 
a positive value, a log conversion on the formula (1) gives 
an output y1=log(<X>)+f3. In the case that the input “X” is 
X2=<X>-C, the log conversion gives an output y2=log 
(<X>)-Y. The gradient of the log conversion curve is more 
moderate for inputs equal to or larger than a value of <X>, 
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6 
while it is steeper for inputs less than the value of <x>, with 
the result that “y” is always greater than “B.” In cases where 
the low-count data of which value of <x> is not sufficiently 
large compared to “C.” “y” is extremely different in value 
from “B.” Thus, when there is noise where the input “X” is 
less than <x>, the output “y” becomes a value of which noise 
component is more enhanced through the log conversion. 
This will bring about more enhanced low-count artifacts. 

In order to prevent Such an undesired Situation, in the 
present invention, the pure data that have been digitized and 
amplified by the data acquisition system 104 (and received 
the non-contact data transmission unit 105) are subject to the 
conversion processing on a function deviating from the 
normal logarithm function. Precisely, Such conversion func 
tion of which range directed to the low-count data deviates 
from the ideal logarithm function. 

Incidentally, it has been normally considered that a 
change in the logarithm function will lead to a problem of 
deteriorating the CT values. But this problem is not always 
true of the low-count data. AS to the low-count data, a 
change in the logarithm curve will not necessarily worsen 
the CT values. When the low-count data that contains noise 
components is Subjected to the log conversion based on the 
formula (1), its average <y> of the log-converted outputs 
always differs from “Klog b, <x>,” which is resulted from 
the log conversion of an input average <X>, owing to an 
asymmetric response to noise. This difference is clear from 
the fact that the log conversion is nonlinear processing. 
Accordingly, it can be understood that, as to the low-count 
data, the log conversion on the foregoing formula (1) has 
caused the CT value problem practically, but low-count 
artifacts have simply hidden the CT value problem. Carrying 
out a conversion that enables the computation of a value 
almost equal to “K log b, <X> Statistically will Suppress 
the CT value problem, rather than a simple computation 
based on the formula (1). Even from this point of view, it is 
preferred to have the log conversion shifted from the for 
mula (1). 

If the deviation is made in a poor manner or there occurs 
abnormal situations where an average <X> of the input signal 
“X” is almost zero, there is a possibility that the CT value 
problem will become worsened more Seriously, even beyond 
a tolerance level. However, the experiment conducted by the 
present inventors showed that there could be obtained a 
function for a log conversion that is capable of normally 
Suppressing low-count artifacts, with the CT value problem 
Surely limited within a tolerance level. 

FIG. 2 details the preprocessor 106 in charge of perform 
ing the above log conversion according to the present 
invention. In the preprocessor 106, other than the log 
conversion, it is preferred that an offset correction, reference 
correction, and water correction are performed, but those 
corrections are omitted from being detailed. 
As shown in FIG. 2, the preprocessor 106 is equipped 

with an offset correcting unit 201, signal converter 202, 
reference correcting unit 203, and water correcting unit 204. 
The offset correcting unit 201 is used to remove DC noise 
generated and mixed at the DAS 104. The signal converter 
202, which is an essential part for realizing the present 
invention, is in charge of conversion of low-count databased 
on a function deviating from the curve written by the ideal 
logarithm function. The reference correcting unit 203 is 
directed to a reference correction of a signal converted at the 
signal converter 202. The water correcting unit 204 is placed 
for a water correction of a Signal coming from the reference 
correction unit 203. 
The signal converter 202 is provided with, as shown in 

FIG. 2, a discriminator 2021 for determining data using a 
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threshold and a first and second converters 2022 and 2023 
which are in charge of a log conversion respectively depend 
ing on the discriminated results at the discriminator 2021. 

Specifically, the discriminator 2021 is configured to deter 
mine if data (i.e., pure-raw data) from the offset correcting 
unit 201 is low-count data or not with reference to a 
threshold, then Supplies the pure-raw data to either the first 
or second converter 2022 or 2023 in compliance with the 
determined results. 

In cases where the discriminator 2021 determines that the 
received pure-raw data is not low-count data, that is, it is 
non-low-count data, Such data is Sent to the first converter 
2022, where the pure-raw data is Subjected to log conversion 
based on the ideal logarithm function. By contrast, when the 
discriminator 2021 determines that the received pure-raw 
data belongs to low-count data, Such data is Sent to the 
second converter 2023. At the converter 2023, the pure-raw 
data is Subjected to data conversion based on a function of 
which conversion values to the low-count data is different 
from the ideal logarithm function. 

The discriminator 2021 has a threshold to estimate 
whether pure-raw data is low-count data or not. Preferably, 
the threshold is Set in consideration of random noise from 
the detecting components Such as photodiodes and DAS 
components such as DAS 104. By way of example, the 
threshold is pre-Set as a fixed value or Specified as variable 
values. Further, a preferred example is that the threshold is 
Specified in association with a variety of types of imaging 
conditions, such as a gain at the DAS 104 and/or the width 
of Slices to be imaged. And it is particularly preferred that 
the threshold is changed in association with operative con 
ditions of the DAS 104. In the example of FIG. 2, the 
threshold for Switching over the input to either the first or 
second converter 2022 or 2023 is changed in accord with 
imaging conditions. This makes it possible to steadily realize 
conversion processing in accord with imaging conditions 
including gains assigned to the DAS 104, whereby more 
deeply Suppressing low-count artifacts. 

Further, in the case that the same gain is applied to all the 
channels of the DAS 104, the threshold can be decided 
according to the gain. However, when a different gain is 
applied to each channel, the threshold may be decided 
channel by channel. 

Hence the discriminator 2021 is able to perform the 
determination on the threshold(s). That is, if the value of an 
input Signal is equal to or greater than the threshold, the 
input is sent to the first converter 2022, while if the opposite 
case is realized, the input is Sent to the Second converter 
2023. 

The first converter 2022 is in charge of the log conversion 
on the ideal logarithm function. Namely, when the input 
Signals whose amplitudes are greater than the threshold (that 
is, non-low-count data) come from the discriminator 2021, 
the first converter 2022 performs the log conversion based 
on the ideal logarithm function according to the formula (1), 
which has been used conventionally. 

Meanwhile, when the second converter 2023 will receive 
from the discriminator 2021 the input signals whose ampli 
tudes are lower than the threshold, which is low-count data. 
The second converter 2023 then performs the log conversion 
based on a function whose region applied to the low-count 
data is different from the ideal logarithm function used by 
the first converter 2022. 

Such a function, which differs from the ideal logarithm 
function and is in charge of the low-count data, Should be 
connected, at a point of the threshold in a step-leSS manner, 
to part of the ideal logarithm function in charge of the 
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8 
non-low-count data. In addition, Such a function deviating 
from the ideal logarithm function should be lower in its 
curve gradient for most low-count data, in comparison with 
that of the ideal logarithm function. There are various Such 
functions, which include n-th degree polynomials, for 
example. The Simplest form of Such polynomials is a linear 
function of y=ax+b. 

FIG. 3 exemplifies, on condition that a threshold of “20” 
for the inputS is given at the discriminator 2021, an ideal 
logarithm function “1” employed by the first converter 1022 
and the linear function “2 employed as a converting func 
tion by the second converter 2023. The linear function “2” 
uses, as its gradient “a, a gradient (differential coefficient) 
of the function “1” obtained at the point of the threshold. The 
intercept “b” of the function “1” is decided so as to accom 
plish no separation between the two functions “1” and “2” 
at the point of the threshold. 
The threshold can be selected to Some extent in a free 

manner. Further, the gradient “a” is not always limited to the 
differential coefficient of the function “1” at the point of the 
threshold. FIG. 4 shows another example of such functions 
“1” and “2”, in which one function “1” is the ideal logarithm 
function and the other function “2' is realized by a linear 
function, on condition that the threshold is placed at a point 
“10” in the inputs. In this case, the function “1” is set to have 
a gradient “a” smaller than the differential coefficient of the 
function “1” at the threshold. 

Conventionally, the ideal logarithm function “1” shown in 
FIGS. 3 and 4 has been used alone to perform the log 
conversion of the pure-raw data, which has further deterio 
rated the low-count data. In contrast, in the present 
embodiment, only when the values of input signals (i.e., 
pure-raw data; more precisely, non-low-count data) are 
equal to or higher than a predetermined threshold, the ideal 
logarithm function “1” is used for the log function. 
However, when the values of input signals are lower than the 
threshold (i.e., low-count data), the function "2” deviating 
from the ideal logarithm function “1” is assigned to the log 
conversion of pure-raw data. 
The pure-raw data that has been log-converted are Sub 

jected to the remaining pro-processing (Such as the reference 
correction and water correction), before being sent to the 
reconstruction unit 114 where the data is reconstructed into 
images. 
AS described above, the present embodiment is charac 

terized in that a function deviating from the ideal logarithm 
function is applied to only the low-count data (pure-raw 
data) from the detector. To attain this selective conversion, 
the discriminator 2021 is used to determine whether the 
pure-raw data is low-count data or not. If the low-count data 
is provided, the log conversion is carried out based on the 
Second logarithm function (i.e., the linear function in the 
above embodiment). Meanwhile, when the non-low-count 
data is given, the log conversion is carried out on the first 
logarithm function (i.e., the ideal logarithm function), which 
differs from the second one. 
The low-count data is usually obtained when X-rays pass 

object's regions of which X-ray absorption coefficients are 
relatively higher, Such as shoulders, back bones, or lumbar. 
Even when Such low-count data undergoes the image recon 
Struction processing, low-count artifacts can Steadily be 
eliminated or Suppressed from or in the reconstructed 
images. 

Moreover, in cases where the threshold is changed 
depending on imaging conditions, Such as gains at the DAS 
104, a field of view (FOV), and/or slice thicknesses (that is, 
pieces of information in which noise levels of the data 
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acquisition components are reflected), the low-count arti 
facts in images can be reduced more Steadily. 

If the threshold is changed as described above, it is 
preferred that the function “2” is changed as well. For 
example, when the function “2 is Set to a linear function, at 
least one of its gradient and its intercept is changed respon 
Sively to changes in the value of the threshold. 
(Other Embodiments) 

The present embodiment will not be limited to the above 
embodiment and may be modified in further modes within 
the Scope of claims of the present invention. 

By way of example, the two type of functions, which are 
the first function used by the first converter 2022 and the 
second function used by the second converter 2023, can be 
replaced by only one type of function having the same effect 
as that described above. If Such a configuration is adopted, 
the discriminator 2021 becomes unnecessary, while the first 
and Second converters can be unified into one unit. The 
unified one conversion unit may be configured to have a 
Single log conversion characteristic (i.e., a signal function) 
approximating to the entire Solid-line curve shown in FIG. 
3 or 4. Such a single function can be realized by a single n-th 
degree polynomial having a greater degree "n.” 

Other examples of Such a single function for log conver 
Sion can be accomplished by a conversion on filtering and a 
conversion on a memory table. 

In the former, as shown in FIG. 5, the preprocessor 106 is 
provided with the offset correcting unit 201, a hanning filter 
205, the reference correcting unit 203, and the water cor 
recting unit 204 in this order. The units other than the 
hanning filter 205 are the same in the configurations as those 
shown before. 

The banning filter 205 will now be explained. The han 
ning filter 205 is responsible for a conversion (i.e., log 
conversion) based on a single-function input/output charac 
teristic indicated as shown in FIG. 6 by a single curve 
Smoothly connecting a function range tracing the ideal 
logarithm function “1” and a function range tracing the 
function “2” deviating from the ideal logarithm function 
c. 1''' 

In order to realize this function, the hanning filter 205 
includes processing configurations for both the functions “1” 
and “2,” although not shown in FIG. 6. The configurations 
allow each input “X” to be first Subjected to processing on 
the function “1” (namely, an output “y 1” is produced) and 
further processing on the function “2 (namely, a further 
output “y2 is produced), then allow the resultant outputs 
“y 1” and “y2” to be subjected to a computation of an output 
y=(1-w)y1+w y2, wherein “w” is a weighting factor. The 
weighting “w,” which depends on the input “X,” becomes 
“1” when the input “X” is small, while it becomes “0” when 
the input “X” is large. 
One typical example of weighting functions that provide 

Such a Smooth transition of weighting is a hanning function, 
so that, in the present modification, the conversion unit 205 
is representatively called a “hanning filter.” 

Accordingly, the “hanning filter 205” permits both the 
functions “1” and “2” to be designed freely and connected 
to each other Smoothly. This eliminates the necessity of 
employing the processing based on the threshold, and makes 
it possible to handle in a practical way both the functions (1) 
and (2) as a single function. 
The latter modification is shown in FIG. 7, in which the 

preprocessor 106 has a look-up processor 206 and a memory 
table 207, both of which are placed between the offset 
correcting unit 201 and the reference correcting unit 203. In 
the memory table 207, values are memorized in a list form, 
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10 
which indicate the input/output characteristic of a single 
function formed by uniting the functions “1” and “2” shown 
in FIG. 6. The look-up processor 206 is configured to make 
reference to the input/output characteristic in the memory 
table 207, so that a log conversion of the signals from the 
offset correcting unit 201. The resultant log-converted data 
is then sent to the next reference correcting unit 203. 

Another modification will now be explained with refer 
ence to FIGS. 8 and 9. The foregoing embodiment has been 
explained in the Situation where only one threshold is used, 
but the log conversion according to the present invention can 
further be performed with a plurality of thresholds, which 
allows three or more functions to be Switched over one from 
another. 

For instance, as shown in FIGS. 8 and 9, the signal 
converter 202 is equipped with a discriminator 2024, thresh 
old setting device 2025, and first to third converters 2026 to 
2028. As shown in FIG. 9, the threshold setting device 2025 
is able to give, before the actual processing, the discrimi 
nator 2024 two thresholds TH1 and TH2 (<TH1) to dis 
criminate the input signals. The one curve shown in FIG. 9, 
which are obtained by uniting three or more functions, has 
two ranges. One range shows a function of which inputs are 
equal to or more than one threshold TH1 and which is in 
accordance with the ideal logarithm function “1.” The other 
range, which exists below the threshold TH1 for the inputs, 
complies with a function “2” deviating from the ideal 
logarithm function. The latter range according to the func 
tion “2' is further divided by the remaining threshold TH2. 
The region below the threshold TH2 is lower in the gradient 
than the range existing between the thresholds TH1 and 
TH2, thereby providing a gentler input/output characteristic. 
This modified configuration with a plurality of thresholds 
provides more desirable log conversion property for the 
low-count data. 

Another modified configuration is also concerned with the 
signal converter 202 shown in FIG. 2. A plurality of types of 
converting functions, which are Set to at least one of the first 
function used in the first converter 2022 and the second 
function used in the second converter 2023, can be stored in 
their inner memories correspondingly to imaging conditions 
such as gains in the DAS 104, FOVs, and/or slice widths. 
And if a certain imaging condition is Selected, the functions 
used in the first and/or second converters 2022 and 2023 can 
be Switched over in conformity with the Selected imaging 
condition. Concurrently, the thresholds may be changed in 
the same manner as above. 

Still another modification is provided as to locating the 
Signal converter 202. In the foregoing embodiment, the 
Signal converter 202 is located to perform the log conversion 
with the pure-raw data Sent from the detector, the position of 
the Signal converter 202 may be changed to other ones, as 
long as the foregoing log conversion is assured. One 
example is that the Signal converter 202 is located immedi 
ately after the reference correcting unit 203. 

Still, as for the procedures of data processing, there can be 
provided another modification. The foregoing embodiment 
has adopted the configuration in which the pure-raw data 
outputted from the DAS 105 through the non-contact data 
transmission unit 105 is Sequentially Sent to the preprocessor 
106, thus the raw data being produced in Sequence. 
Alternatively, in parallel to the preprocessor 106, a memory 
unit as well as a data reading/writing circuit may be 
provided, So that acquired pure-raw data is Stored in the 
memory unit as it is, differently from the preprocessing. This 
makes it possible that, if necessary, the acquired pure-raw 
data is again read from the memory unit for preprocessing 
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the newly read pure-raw data and then reconstructing images 
from the newly preprocessed data. Hence, when it is desired 
to Scan again because of appearance of low-count artifacts 
on images under reconstruction, it is possible to immediately 
change the thresholds to be given the Signal converter 202. 
Accordingly, this eliminates the necessity of repeating the 
Scanning itself, whereby only the preprocessing is enough 
for a new observation of images. 

The present invention may be embodied in other specific 
forms without departing from the Spirit or essential charac 
teristics thereof. The above embodiments and modifications 
are therefore to be considered in all respects as illustrative 
and not restrictive, the Scope of the present invention being 
indicated by the appended claims rather than by the fore 
going description and all changes which come within the 
meaning and range of equivalency of the claims are there 
fore intended to be embraced therein. 
What is claimed is: 
1. An X-ray CT Scanner comprising: 
an X-ray Source generating an X-ray; 
a detector detecting the X-ray generated by the X-ray 

Source and transmitted through an object; 
a processor producing projection data by applying to an 

output signal from the detector logarithm conversion 
processing on a function deviating from an ideal loga 
rithm function; and 

a reconstruction unit configured to reconstruct an image 
using the projection data produced by the processor. 

2. The X-ray CT scanner of claim 1, wherein the ideal 
logarithm function is a logarithm function defined by a 
mathematical formula of y=Klog b, x (wherein a variable 
X is an input, a Variable y is an Output, and a reference K 
shows a Scaling constant), 

wherein the function deviating from the ideal logarithm 
function is configured to have an input/output charac 
teristic deviating from an input/output characteristic 
defined by the ideal logarithm function. 

3. The X-ray CT scanner of claim 2, wherein the function 
deviating from the ideal logarithm function consists of a 
function range assigned to the inputs equal to or larger than 
a Specified value and defined by the ideal logarithm function, 
and 

a further function range assigned to the inputs less than 
the Specified value and formed to have the deviating 
input/output characteristic. 

4. The X-ray CT scanner of claim 3, wherein the function 
range and the further function range are defined individually 
and Separated at a threshold given to the inputs. 

5. The X-ray CT scanner of claim 4, wherein the further 
function range consists of a plurality of further function 
ranges divided at further one or more thresholds given to the 
inputs. 

6. The X-ray CT scanner of claim 3, wherein the function 
deviating from the ideal logarithm function is defined as a 
function providing one curve consisting of both of the 
function range and the further function range. 

7. The X-ray CT scanner of claim 6, wherein the proces 
Sor includes a table where input/output data of the one curve 
are Stored and reference means configured to perform the 
logarithm conversion processing with reference to the input/ 
output data Stored in the table. 

8. The X-ray CT scanner of claim 6, wherein the proces 
Sor has weighing means configured to perform the logarithm 
conversion processing by performing weighted Summation 
of plural log conversion results. 

9. The X-ray CT scanner of claim 3, wherein the further 
function range has a leSS Steep inclination in the input/output 
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characteristic than the ideal logarithm function at the inputs 
less than the Specified value. 

10. An X-ray CT scanner comprising: 
an X-ray Source generating an X-ray toward an object; 
a detector detecting the X-ray transmitted from the object; 
a processor applying logarithm conversion processing to 

an output signal from the detector to produce projection 
data, the logarithm conversion processing being based 
on an ideal logarithm function and a function different 
from the ideal logarithm function; and 

a reconstruction unit configured to reconstruct an image 
using the projection data produced by the processor, 

wherein the processor includes Selection means config 
ured to Select either the ideal logarithm function or the 
function different from the ideal logarithm function, 
dependently on the output Signal from the detector. 

11. The X-ray CT scanner of claim 10, wherein the 
function different from the ideal logarithm function is 
expressed by an n-th degree polynomial. 

12. An X-ray CT Scanner comprising: 
an X-ray Source generating an X-ray toward an object; 
a detector detecting the X-ray transmitted from the object; 
a determining unit configured to determine if or not an 

output signal from the detector is low-count data; 
a conversion processing unit configured to perform a 

conversion of the determined low-count data on a first 
conversion function to produce a conversion of projec 
tion data and to perform non-low-count data on a 
Second conversion function different from the first 
conversion function to produce the projection data, the 
non-low-count-data being determined by the determin 
ing unit as data excluded from the low-count data, and 

a reconstruction unit configured to reconstruct an image 
using the projection data produced by the conversion 
processing unit. 

13. The X-ray CT scanner of claim 12, wherein the first 
conversion function is expressed by an n-th degree polyno 
mial and the Second conversion function is a mathematical 
logarithm function. 

14. An X-ray CT Scanner comprising: 
an X-ray Source generating an X-ray toward an object; 
a detector detecting the X-ray transmitted from the object; 
a classifying unit configured to use a threshold to classify 

whether an output Signal from the detector is either 
low-count data or non-low-count data; 

a conversion processing unit configured to perform a 
conversion of the classified low-count data on a first 
conversion function to produce projection data and to 
perform a conversion of the classified non-low-count 
data on a Second conversion function different from the 
first conversion function to produce the projection data; 
and 

a reconstruction unit configured to reconstruct an image 
using the projection data produced by the conversion 
processing unit. 

15. The X-ray CT scanner of claim 14, wherein the 
threshold is variable. 

16. The X-ray CT scanner of claim 15, wherein the 
threshold is determined depending on an imaging condition. 

17. The X-ray CT scanner of claim 16, wherein the 
imaging condition is information about amplification of the 
output signal from detecting elements of the detector, the 
amplification being carried out at a data acquisition circuit, 
placed between the detector and the determining unit, for 
acquiring the Signal. 
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18. An X-ray CT scanner comprising: 
an X-ray Source generating an X-ray toward an object; 
a detector detecting the X-ray transmitted from the object; 
a storing unit configured to Store a plurality of types of 

conversion processing for converting the output Signal 
from the detector on the functions, 

a Setting device configured to Set an imaging condition; 
a determining unit configured to determine a threshold for 

Switching the plurality of types of conversion functions 
Stored in the Storing unit depending on the imaging 
condition; 

5 

14 
a conversion processing unit configured to perform con 

Version processing with an output Signal from the 
detector to produce projection data by using a conver 
sion function switchably determined from the plurality 
of types of conversion functions by the determining 
unit, and 

a reconstruction unit configured to reconstruct an image 
using the projection data produced by the conversion 
processing unit. 

19. The X-ray CT scanner of claim 18, wherein the 
10 threshold consists of a plurality of thresholds. 
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